THE USE OF A]'] ELECTRONIC AILALOG COMPUTER 
IN THE DETERMINATION OF THE NORMAL MODES 
OF LATERAL VIBRATION OF NON-UNIFORM BEAI4S 
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oMiser:; 'per second drives ..tapping rela/'-c*' v.ho 
. 5 ivii 3 h giving one pulse per- sccGim is sent lir -.ctly 
■io ^'ho rolaj^ control p '.r.el ior th , puroose of cterG® 
Ing the computer problem-^ alv/eys on the same .flat of 
G.he atepping relay era., TI?. ’.3 'u:ii.’'o>r;:..i?/cy ir .'.r' 'Tided 
•:<o -ininise the effects : the afa .h.it.ing t ; 3 . ar.'.ncos oa 
tie cam flats on the t.:‘n.itc' of t-Ia-; pi’cblem, 

l.lie -steeping relay e.lr>iait diag!.’ar.i ic o’ o' r. '.'n 



r co:asi si' .0 of 'itroe arcs a.*' ..orl.;;- 



contpcto each., o.f 'th? oni'tact ares ha.v-;.-- l*:'itii.g:lrig 

■ rij- rrs while the third ha. '3 ko':-.-' ridging cr , 

.?he Icitte?: is used to irg-s ?. and 1 eaiove in.:tt:h’..'' :cl> 
■'I'.itionG while one of the ft'. iLr i-. used to c. t ii.. 
tlio series connected reel store on the lug-ih; panel, 
‘oitli this equipment it ie there.fo. e possible %o 
oinr.late a variable .funct.'cnj. of beam for Ir stance, , 
.-.r: forty stations along t,.ho bram. The niiabe^’ ef 
stations nod togct.hor A.ilth the :.r:mber of rcl.*;' ooLAtac 
'I'pd per se. 3 ond deteriiiine the Is.igth of t.hc s oolem 

"•can in tsriiis of seconio. To obt-.,in a cor; -e..-t solutle 
oc> a problciQ the.a^ uhe impose: 07.11. cojiditir-o.' t jt 
iv: c.ati/fied w 5 ,thia the e.-:c et Ittii'oh ox th. 
iotcnicined by the steppi:ur ro.iay ■■f»iLcl ee'':.-- 
"Jt sr- d5.‘’iv‘en caxi combi la'G.lc i , fjue.'i a. 1. ' tx.cn i? s 



inci.r.’l'noD. latter 



iOr t-l:o 7 -'' . r<or-‘.-r.'X« c»‘ 



; r.O'i.': the len^h, 



- o ^ 



•:, jken d5.reetly .•C:;'o:a Re.f« 6. 
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Relay G, through no::' 2 olly closed coxtsc’-.c , yassca 
felloes from relay F to tho’ uoil of steppin: 

•‘.icvi stepping relay A reaches position 40, i"vcy G is 
cner-giKed and no longer pas sea pulaeG,. Stc-i | in.,g relay 
■ then sfeops» Relays H and J pe 2 "/om the c-it’c fTmetiv/ns 
for stepping relays D and C„ 

These three relaifs G, "I ar.d G also play "m 
■Important part in imposing the initial cori.'iti 
"fisn all three of these relay -e ar : onergined (• ■•.rxi 
-11 three stopping relay:.? are on contact .1.;) yorer 



1^/ 

re;.ay 


L, vfiioh 


he -ivco!’:! 


A.y, /. 



F’elaye L, a! and N p3ri:-r‘ the .funetiene of outO“ 
“■aaicaliy imposing and remcf/ing t' e initia" conditions « 
ibe initial conditiens are imooss I as soon as til three 



"olG.ys reach 40,, 



• ;- oppi.:’c ' 

Tlien x’Oj.ay N is close'L^ the initial-co-jj Itica 
rc3.ays are energised, thsreoy re.uo'^/lng the ir.ttis.1 
conditions^ Relay II is cojit roiled, by norfflr.lly*--or 9 n 
contacts on relay I-L If relay 21 is i:iomer.ti-;,‘i.ly oner-' 
qis-Gc it remains closed b> Tir-tue 021 its ‘’e.i.cctrr' oa.2.3r)/ 
lccV..ing’- contacts. These ccntacts obtain tor-cr iron. 

: ornrlly- closed contacts ci* i'o2ay L, {I.s. lonr ar 
ccla^' n is closed y relay ** is clcsod and ail', initial 
■ cnc.it? 02 ',s are removed,) If relLcy L is enc:.y;ln-:i (?11 
.itep?in.g relays on contact hi)) .••'clay H or.t'' 

TT the initial conditions are restored, Tl'x initial 
Itloas are .not renovod lurtil relay M ic 0 ’“ain 
-• ergiaed vihrlch is done as aoc:i as any one ,>f the s’.’.ep}) 
*elr.‘"'S reaches contact 1„ 

The stepping relays alv^ays atop on co~::,i'ro uO... 
h ,?v tha;; are in this position rclayG G, H Trc 

:..er tinea and no 3.onger hirnisV'. drl'vring p'a.'l;ntf.c ;o 
. ip^ctiv-a stepping 'rcla''-.*':, Rola.v L is c.-?* .tip 



• .>'.■•'■1." iron; the ■•i.?cv!nr' 'jont-a 



r rT-:^t4y !•<, 

. V 2 a'vi y ar? iTA0O<^^' fcr, ?k. [jO'jOi.' i*. 

■' ! irrla l-conditin* ?rh‘«ys tlic oiti 

• ■ i*pl>»»cd, 

RrJ.-.y 0 Is the it c.naL od.ay^ cont?\«. .c.* uv tl.-- 
rc'v. ,e-C'-r.trcl moment ary- ?/-i».rhing hutt-cn,^ <■ 
hen this sivitch is closed nementa 'ily, >-el^*y 0 -'.s 
-rucr^iiP?'- as coon as th: is furr*'' d^cyi by tha 



Cilcroc:. itch or. the ec.c ^ '-'it. . h.J 

then reritain closed until r*el':y JI nXa-.co^ »~v uc 

contact 40 is left, rela^^s F, U r“vA ll op?rA f>4j -o; 
are continued to be eupulied to t’t'S steppe ^ 

SljmiltaneoUvSly relay L dr-ops out, c-nsrgisi 'i,-;;; the 
"lodging” contacts of rela^* ?.u A-; the ±nc- j L:r>j 

one on the stepping rela^^s rcd.ohe '6 eontact 1 relay r! 

closes and remains closed., This imraediately jves 
the initial conditions aad ieeLierplsos thr ?:-.T.rting 
relay Oc 

In case any one or 

rela'^^’s are not used the sc i/reoory.ix'i'" suitedv -^' 

V — ■ 

Sq or shriild be closso;., I! -.Is rill the; " ••■■d.;’' • .a 

operation of relay L„ 

rig, (5 is a photograph of a jomplccs •r- yr.;'. r 
set up to sol%"e a. fourth oi f <»r r.o . 

with I'arlable coefficients. Fig. v is a 
diagram of the same set-up ideriji ;yi::ig tin; 
components of the system, Disg:ra i a showir,/, ''he s 
teinial circuits of the a."iplif ei- ^embinat:- fen 
performing txie particulrrc opeLUti 'as rc.:u.l ;c'‘ .-.re 
given in the follcrd.rig discr;?-yio'i. of the I 

'oroblens. 
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OISGUSSlOr 

Preliminary to 'che ovi::.,irj ci.jjst. of this 
investigation, the 2 ''G ir D'-’erjenteO the soj.ut-ioTiS 
t o ov;o simple beam as clet-sraiincd l y tlG 

"nalog ccmpu.t-er^ Such ietrrLri’inatdons vie7:rc Taue 
tart of a program of fa'iLlli'/'ilisatiOii viti: 
i-echriqu.c to be used and to det'slrp a fncilitf ir 
ctting up and operating t.'ic ccmpcnents cf ti, 
ectrical circuits mviclr. be cor*e ;'v;tcgral rf 

the compiitcr netvror-L u.ss'l ll* tha tolubici. cf ;:s m.a 

Pa rt 

The first prel5.mir.aj;‘V' protieri r^as the i.c.. : 
ction of the static d»efioction under 'unifo.-. i hear', 
of a .horizontally suppo.ntod l-ofua of con, star 'i cross 
section i?hich is snail in curiparisyn mth its ’i.erig't 
’Lf.i'o dii’fGrent types of one. fi^city ai\s dcraCf’ 3t tc:l; 
clamped and hinged « 

Tb&.'di.fferential Gs*i:.tion ot h.'.:e o?.af-.uC 

9 

.1 suc.'.i a team is given .j.o 
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beam >, 

y = vertical ucnocri. ,> ■'i.' 'etc '• 

any point 

•- distance th^ learn mcz-i' 

one end o 

E = Yomig^s UidoZu of Eir.rtielt.3- . 
I area. niornGi't cf insrt5,a’ c.t? a c:- 
section of bsan 'i.th respc.ca 
the centrci.flal 

Hending moment and .snc>?.r force at any •:■ 
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nd Conditicn-s: Zero slope and ocro deflect :' oia at 

each cnd« Thcce boundary ccr.c.ttrlc'js 
are expressed as 

y(0) y'^ (0) y^.L) ® yMl* 0.. 
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ihe ca..;:p*iter eqii.at,ic:i is aet up by ,ari ii . a 
.:;Lc.n£;a of bi o indep3ncl-?.nb rai’iabla 5n the e i-'.,c :.na3. 
3qU'5GioB (1) „ The ind epor c 3nb rariable ;s is changed 
bo t. i, ti;ce .1n seconds j, and t-he length cf the cniginal 
jnn iB e-:p::e3SGd at T. total clapc-sd timj; £■ i go1u«= 
-I, in GGC'^-ndSo 
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•tn.*c 5 and bending moncat arc unhncnriva,, so .po3,.'cd 
rol.tca'^y ~17a and Vb to bo applied are at •rtrrr. uokDonn, 



<b . :-i£; naJ.o ilrced •ac ^xi#• ■ 1 1:; > o'b - c. - • 

W" If 

TciriGci ur.’oil a correct ael* t '^or "viTf" <:'toa:ai-..''4 . 
coiiBtrnt battery voltage a-, as .'in '• 

voltago to Ax t.o simulate t]:e ur.ifcrm j.caar.rr , 

o.'.’ the be-miy and was moi:<''.ired in ternio of ’ . (•■.or 

iofloction units« The out j ut a of and A;; v-e 
Connected through a'npilfia.tt" to channels 1 a-'.:’ 2 of 
tJ).c Ssaieli recorder for ret: ling csclllcgrep.h.c of 

and y« 

A correct solutio...\ obtair.ei in the fo llovniig 
■lamier: ^iith a constant 'j-rnut voltage 7 o'-. 

L.3 volts applied to Ax*; 'fh constant at 6 volt.", and. 
-7a set at an arbitrary valuo^ all initial c<--ncitio.,<e 
'-)ore imposed by closing the initial eendit.; c.v'. relay 
switcheSo The problera iras started by de-G; .e* gisire al 
iAie initial condition relays sinuj.ltaneeu.sly t.hris 
...'’eleatdng the end ccnditiavis. Several tr.ir-lr "/'ore 
made with different settings of the pctcntic'.eter 
controlling the battery ^,cltvgc -7r. beilorc the pro (.ex* 
and conditio.is wars satisfi:;.! and .a^ccorded on 'thrs 
oscillograph. Fig. 11 Gho’ra the solution >rf the 
orcblGii as recorded. The longi:h of the solution, T, 



oil the oscillograph is T " 3.5 socouJ.s, 
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vinax) thGoretilcai ” 

T^'(-iax) from Fig* 11 - Q.550,, 
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Beam Hinged at loth 2nds 

vJU) 




■Ind londitionst Zero doflca'siorA and scsro n'cncnt 

at each end* These boundfi-- ecr-cMticn& 
are enpresasd as 
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Tiie computer equation 


. i, O 


, hi 

hs sane as -a. 




:it 3. change is necessary 


in tJ-j 


.G 


camputer .;i.- 


V/ 1 •**■ 

. .t* . \j 






r.ie to the change in end coniiti xis* The tjoator 



’ .z*cu5.'/ for the Golutioii ?;;. tr. 3 proo.Lsru .it 'iv'or' 
i 1 /ig« 12 » The end cjnditiois y(0) ” y^'(O) - 0 
•,." 3 re o'atained by shcrtlrf.*-:; tie feedback catac;' 'c-orc 
c.i \2 ct:.i A^, Shear fores .ini tslope hare c.ef '.nito 
valncs at the ends cf the bcai:. ard are ad b", 

battery voltages -Va and X^b respectively ':ppl.ied to 






tr rs Ca and /s 3 » Z:.c c^'/’.rect 30l\.\ nV)r Ic^ c’c- 
tad.nsd as before for T:i^T;-e I* Several triali.. ea^ain 
'jero necessary in varyir,:^ the potenticmetei' of --?a 
uO oot-aif.n tho proper end conditioro* 

Fig„ 13 shows the eoli.tion of the pro'S‘.:ir ao 
race. rdocl on the oscillograph., Slic length t)x. 
boa's IS. on the oscillograph is neasiired a‘'“. r ■■ 2 9^ 



i^eco.id.G,. X' lo3o 

ya; lA “ = la 76.7 "= 99.6 

El 

y(ma3:) theoretical ” 5 ?c 99. b 1,,30 

314 

y{isaz) .from Fig, 13 =* 1.15 



The second preliminary T:ix^obl-.5m was the JfctCi* 
xinabion of the first thr3e 2 iLcrm.al .modes of lateral 
vibration of a uniform free-fx’GG team convSrldeiir.g 
the effects of bendJ^ng c.cf loot ion cnly» The \ibratj..ng 
beam is considered loaded by inertia forces do.c to 
Its ovm mass and acceleration. 

The differential eriiation of r.otion o: Xbo 



eXactic curve of such a xs gireii by 
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EX 



•! *. 
dx'** 



:*wt) 



(3) 



w-.her 2 “ A ^ ^ the mass distx*ibutioa aloixa Che beam 
s: 

o 

t “ the density of the material of the beaOo 



A “ the cros3 J 2 v:/^..on.l ox’ - bao-.a, 

5 ~ the accele ;’aGlon due to gravit;r, 

inertia forces c.ct?.ng on t.-'O beann. 

b>C" 

y ~ vertical deflection of the bsa--^. at 
X = distance along the Iceam measured from 
one end, 

E “ Young ilcciulus of Blast ieityo 
I " Area moment cC inertia of a rr:ss 
section of t!‘ e beam vrith rerret.t to 
the centroid cl axifn 
It is assumed that yix^t) - Xfx) c^" 

\l'sr 0 7t{x) is a function only of and is z,!<d. pc^riaon' 
of reprssicnts sinusoidal osci3.l£.t:.oriS of 

■iVequency CO. 

X-.d equation (3) becomes 



E 



Id^ 
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o: 



El - X - 0 
Jj(JO^dx^ 



(4) 



The computer equation is set up as bofcrc by 
uaking a change of the independent variab3.c in the 
original equation (4) « The independent vavic.i: lo, jy. 
is changed to t, time in seconds^ and the P.cngtl. cf 
the beam is expressed as Tj total elapsed ttr'C for 



solution in seconds* 



:0 



Then x •■= L t and d ( ) ■= d C ) 

i dx"* dV' 

The computer equation becomes 

El ^ - X - 0 
dt^'' 

For simplicity T^re let 



2 9 J 

o<:„ ‘^MuiJrir 

El 



oAlC 



0), 









the r atural 



i’rcquGncy of vibration for the mode. In 
addition, for the computer equation (5) wc ionote 



C 

cTT** 



( that the computer equation rsdu 



‘3'i> 



C d% - 2 ■= 0 ,,. 

dt? 

For the computer solution, the C was given a value 
of unity (1 megohm) and the problem was solved by 
finding a length, T, on the oscillograph solution for 
v^iiich the simulated end conditions as determined by 
the beam supports were meto 



The 


comput 


or ci 


{; ...it. 


V V 


is gi 


Von in 


Figt 


' ! 


iJ'.e 


ivSficd 


f or a 


free-' 


■free 


bean 



moi'iGn’t an i ahear force at each end are saro,, l‘?hes 3 
bciindary .conditions are expressed as 

X? ’ ( 7 1 = X« » « (0) JJ » (L) « » >' {!.) j 

To satdvCfy these end conditions on the computer j, 
t '3 ioedbuok eapac Iters of and A 2 are in:ltial3-y 
srontod.! /s there is a definite but unknoon s?ope 
and defies I ion at Pach end of the beanj tha.-e :-,rG 
sir/olated <.n the corsputex" by battesry vobtsgrs -7a 

a? d ?b x"'£?.pectlirely initially applied to tr e. .pr:nl“ 

» 

tcr3ovA3 and A|, <, As befox’o^ To was fiicod at ab.rat 
six volts and -Va was -vaoxled fox’ diffeir-GiT''. wdo.il 
so!t; tionf'. wntil the end uondltionc of I'.Qro s.ho '.r 
Tot )e and bending mo.ment were satisfied ^ 

The ? It puts of Ai and Ap viera connect cl inrough 
OX' ;_ifxcr’«i to the tvjo channels of the Brush recorder 

f 

i or race r 3 Lng oscillog.raphs of X* ’ and ^ « 

.-'.rrect elutions showing the fulfillment cf the end 
conditicpi! required weie obtained v:hen the min’min 
or maxi! i ( of depending upon the nuinbox'’ of the 

mode^ p. h! ed through the sex’o axis. The cuxn,"© 

was use t in measuring the length. Ty of tl e so?vUt:.onu 
Thi.s cu:*' ^3 was used in px’eferenco to XJ '' because the 
-X*’’ cr.j 've has a definite finite slope at each rad 



cf the su'lution 



Correct solution.^ or the frequency /or the f5,r.T':. 
tlx.’ee nomal modes of •vibration of -ohe h v/c-iro ob- 
tained in a manner similar to tha't previou.f.'.y des- 
cribed, Vb was made constant and -'I'a was i'iitia.lJ// 
se-’G at an arbitrary valus. All, initial civ:'' conditions 
were ilmposed b-y closing ‘the initial conditicn rela’y 
switches o The problem "was stairted by s;UiiuIta 2 V£ously 
releasing all the end conditions. Several, trial 
settings of the potentiometer controlling 1-r.e 
voltage «Va v«rere necessary? before a correct solution 
for* each mode was obtained.. 

Solutions of the fii’Gt mode v/ere qaite readily 
obtained s, but for the 'iocond and third nod-s the .set- 
ting o,f the potentiorie-i’/or controlling trr: '"o.-tage "V"r 
was found to be very critical. The inbr sirv- sl'.igh'b 
Instabilit;/ of the ar.ipli friers used and •j-.,rivtionG in 
po'wer supply voltage viere enough to ca’u.sa t/Tuble ii 
repetition of solutions, I-ian^' rcrlals were necosrarj 
•to obtain a few correct so.lutions. Fig, 15 shows 
the correct solution cscillographs obtaili s'' fenr’ the 



n.'^ast three modes, •The results obtained fer c:< . o' 
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i:i:d checked very clos 6 l 3 r \d.th those gi'vci i.n the 
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TleriS fG.G'''.:'rs are mertiariei briefly hers zr.S.. 7:02. c: 
^•’Grt cor.st~.ntly in aiind ir setting up an: ■.T.oru.ting 
the ervr.pnter for the ma:‘.n orGblcia. 

j.. The power £.:.-.ppl.y to th:: indlvic.; cr.pl^i'-U.i 
. j'.st he as required by the sr-.p'v:.fioi'G ar- . . non- 
’ - :ri c.i.vt a s pra et i ca lly pc s .slbl e . 

;>:« The tube he^itsr vol’n^go 0.I abo'ie . 

Is beet obtained frcM a at crags batto:;'y» 

“^bch indi'd'iua''. riyli.f ‘.or sl..ciil . 

* lane od :C.or zero ga.in ..oi ■.'.••■.iz'. calrans'O a.''**./.! 'rs' 
T,* frz.q'jo'it Chech „ 

1., Tns amplifiers ehonlil be final; ': fr.. 

0 gain in the ecnpalzei net-zork ii?. g.r\. cf iy J, 
and 4, and be kept in calrnce by freque-r" olotk. 

5. All precaution^; -shcujd be taken t-'. :‘t tbf 
it cy‘,.lc ■■•pick-up'* by tic network be kept lo c ioii'i.. .1 
chat 031? be tolerated e-'' the s.yste.iM» 



qyc 



t of Aon.glh of 


f 


•Mn nr 


pi: i-s most cri 


. A 
•1' 


'Oil in 


th'o recordor -s 


0 


.'7.(1 bo 


11.0 volt A, a. 


( 


^ f ) J •.u 



eing 



the synchronous motor of tlio record ex* 

shor.id be csrefully regiilited. Pen lag *.t c'ln 
be effectively reduced by incressin-^ th'. fli;. i«'r 
oiTt-p'iit voltage recorded on the csciX/oniM. J 

7c Tic potent! cmet or coDtrclllng tl'.' r atterT 
voltage had three dcgroer;’ of fincnecn <• :• ec;nt:-.'ol 
■-ol.ich vT.s found quite yeocssory for .oolb't ’ c^' a of 
higher raodos. Va for td a acrorX' iu.cio v'ac 5 mnd to he 
very close to the ?s. far- the third mode., 

It uas felt that tK<j i\courea.y of tho result a 
obtained in the preliminary \:ork xrell 'yithin the 
.-.ccu’acy of the laboratory t?y)e aquipnaiit v.a?.d<, ,\s 
the tcchiiiq'3.€ on the pa:-h; of the operator:- if the ^.x|ul 
:ient inpro'-'cd both in sotting up :hr. pro! mi :ln 
ch evening the balance of the aiOpliri srs in t>'vC natr-jor h- 
uhe reGuius obtained by the cenputer Usf in' c sly ;l.r.:c jv 
in accuracy. 
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For the purpose of this study, the •viijating 

shirj is replaced b^' an id?.c.l itloating heu'’'. ’rlth urr'--- 

foara clastic and inertia prcpercies. The f/'.rfcrentia! 

ecuation for the vortical motion of the clo.;:tio 
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of this f3.oating beam has been derived iiiciu llng 



thu effects of bending and shear deflection . rotary 
inortitij external loading^ damping force ^ and buoyancy 
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x-.'here each term has a phys'ical il.nterpret stien. 
'ihe first term 
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ir the sum of the moments due to e'.astilc c>e 'o:,Tip on 
in bending and rctar^?- inei’tia. The dirlf >i : ..iti'.al 

epeseatore rc-iduecs thr'.s to an eourlmlent 

bu5:t:d load. 

The toicm // d:L:;tribv.v.''.l loio.i our; 
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to translatory 3.nertia., 

Considering .first tho ef:!‘e3t of bc.^iiig deflect. I 
o:ily, the differential equation reduces no 
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-vhere JJ ~ the mass distribution a3,ong the bean and 
Includes the virtuaj. mass vdiici is an 
equivalent mass added to that cf 'vhe ship 
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to represent the inertia effort o.C the 
vater accelerated with the snipes vibra- 
tion<, 

For sinusoidal cscrlJatioi'S of frc-ciAo.nfi^' iO . it 
js aovsnmed that y(Xjt) IC(x) 

^'hero X(.T.) is a functivon onlj^ cf x distvanee along the 
beam and is independent of time, 
gjn^t ropr»o3ents sinuscidal cscil?-.ations of 
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and assum.ing that E is a constant and that I and JA 
are functions only of x along the bearaj, equation 
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To sot up the computer equation^ a change in the 
independent variabl.e is again necessaryo briers :c 
was the independent variable.* let tj time in seconds 
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K.iG5.”e I. is the length oh the ship actizalljj, '.1 
length of the ship on t.no oorrpnter solTit.lo.u 
0 -S Ti ^ L before; bow 0 t 6 T for the computer 

Iage.«ral, d"( J - l'" dt ) 

d yf" T'" dt"^ 
a?id epuation (9) becomes 
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the natural frequence/ 11 vibration of tl'. ”i‘"* .lode 
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XvS the ship acts as a xres-.tVee 'ho 

bcundaT*y condit:lor£’> on tlis problem l*.-'* ’■r,.rt 
che bending moment and siheav are siro at o- ih 
erd , ih^ boundai’y conditions are e^rorcs ac' ’?.s 
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The ccmputer circuit for the solati'-r of equotio;:!. 
(12) is given in Fig^ 16 « The end ccnditicns o.C Ji^orc 
lending moment and sh?;ar ore ;;.atif:fie.d oi. tl. '. r;c..; lah'-c:’ 
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applied initially* to the eaj>ncitoi.*;3 of Ar- -iiid "'il) 

ras .forced at about 6 volts and -7a tras Tar.l ;d for the 
different trial solutions for the varior. :> aol,os uhtil 
the end conditions of aero shear and boniiig moment 
\:&r 2 £ at 1 s f i ed , 

Oil Table I is tabulated the original data on the 
APA ^7s bhe ship for v;.hich frequency of Titration %-:e.s 

This ship has the folloi-run.g gcar.ral characteristic- 
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h Lead orator lino Xengtih 
B "■ ’Joldecl breadth 
D ■“ Ilolded depth 
d - Bull load draft 
A ■- Full load di.splaccmont 
F " Young’s :Yodulua of elasticity 

Io"‘ M ’ximuTi area .Tctcnt of inor^ri£. 
/Cio’'- IFixinu:® total .'xa'^s per vt/Zo L 
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For th© purposes of calculation, ti'r' ehip ws 
divided into 20 part'.s of 20 foot lengths each. For 
each section there is tabulated the r.oi:ert of inert 5.a 
and nasB, Fig, 17 sheu's the distributior ( f r-asc and 
ncnciit cf ineri:-ia of tie API B? as intro. /a'jcb. into 
the cu-^.puter. On Tab3,c II ther^. i-o tabiCr.t-..d l(t) 
rnd D{t) idiich were s-lnula.teu bjf i'af-ano o: /•'’ 

4 steps psr second, on the Gtopal’''g rojer ~'£. '’-iota 
-•j r-'.el. Idaa rev’^isto.ncGsin •'icgojaar, advvet :' "'t* -'.'..ch ItM 
t-.-'p;.: are tahulatod cn fable II, Yho ‘i*w' 'laV'’* ai,a.^ 
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AS the stepping re 3 .a 3 ’ x”e sister panel 5 F;lg» 6 , 
was criginally planned, the length cf solution on the 
cceputor should have been T == 10 seconds, Foweverj 
£.s the stepping relays used stopped the jrrcblen 
in?i:iediately upon reaching stop 40 , the length of the 

» 

solution, T == 9«75 seconds. This conditioji could have 
been corrected by rewiring the stepping relays’ control 
relay circuit to provide for a quarter sesend pau^e 
on step 40 before the initial condition relays again 
inposed the end condition and stopped the ■ 



The authors of this paper did not feel at liberty to 
change the equipment in this manner, and felt that 
the quarter second lost could be accounSxei for in the 
solvation knomng that T was actually 9o75 csconds. 

Even thotigh the quarter second in the length of the 
computer solution meant ten feet in the lergth of the 
ship, this '-lost” section of the bew does rot materially 
effect the vibratoi'y characteristics of the I'essel, 

Fig. 9 shows schematically the arrargcsient of 
the conputcr and complete netn/ork of cont-rcls and pov7cr 
supply. Fig. is a photograph of the complete 
rctvrork. The outputs of Ao and are shov~n connect -cl 
i/hrough amplifiers to the txfo channels of th=') J3rush 
recorder for recording oscillographs of 
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Fj.ccbion effect just df GOuJccd : 

".■quo.ttcn ( 7 ) the cc-iiplctc dJ.;rfo:;’or.':.laI 
C'Teatio'o of the elastic c'lrvc In •v;I;ich the tezia 
« } 

; the ph:*.?ical interpi^etaticii a.e a t (\uc to 

clastic ceformatien in rctary ir;ei-tia* T.l::l > to::i:}. 
i.arj iHrdnceci by the differc.'.-.t-ic,?. operator __d' 



CO £.n cquiir-a.lent dist.'ibiV;ci: load* ia the maeo 

aciie.it of inertia of a cnos section area ner unit 
length of the beaia« 



In equation (7) is also included tic torm _ Elp 
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V'hfch is also reduced by the onerator ^ 5 to an 

equiralent dist5ilbiit0d load.. This is f . • •Til3r toiii 

Ic’^t in the original equation (7) representing the 
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eiV-set of shear dsf lection as the 
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dp the eemputer equation » 

Regroupi-ug the terns of equation (7) ? >ho follci;- 
ing fourth order differenii.ial equation is obtained 
I'diich oensidors the effect of bending dexlecticn and 
an approximation to the effects of shea:* dcileeticn 
rotary inertia : 






myy{-A/c)~7./.l^ ... 

\llAQ 






d 



"M 



x/. ’ * \ 



' 1 o \ 

\Lj) 



- 0. 
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In ojMer to obviate the neecseicy oi >o 

a 71217 ccrAputer circuit to introiucc the preiuct terra 
oi th:: tv70 variables, i(t) and P(b), it was felt a •:'00 
. Pi ro>:i.'iiation could be attained by selcebiag fran the 
data available a representative ai'era^o val’.ie of tiic 
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i(t) ^(t) 



I’jhich could be aef-ined coa-= 
stant over the length of the beam. This wes done and 
v;ith the regrouping of constante in the scacLai tore of 
equation (16) to a single constant . D, 

D = H j^i(t) P(t) 
and the coiiiputer equation becoiaoc 
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The end conditions for a f^’oc-frec bouri are that- 
bending moment and shear arc scro r.i both cni-^ In the 
proviouG problems discussed, those vero pro jortional 
to the second and third dcx’ivativoc of the deflecticn 
rcspectivoly. IThon in addition to bending deflectioiij 
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Arv;c:.’'crj in setting up t!:e cc.:r?putcr ecurticn 
the acaiuiiption if as made thcxt 
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t.ou3,d he neglected for a good approxinablor of the 
effect of thear and rotsTy irortia., Folln-.fr^; thir 
assumption, the bending noiuent is proporticna.'.. to 

and the shear is proportional to 
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in the coiviputer equation (17)- 

rhe boundaj.qr conditions for the sc3.utio.n of the co-nput 
equation are then expressed ao 
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The computer circuit for the solution of 
equation (1?) is given in Fig, l6j uhere the dottGC. 
liuxo V/'ith resistance C/D from the output of to the 

n 

input of A", is included to accomplish the t term 

- . 'J? 

ax,- 



in the computer equation. The procedure for the so- 
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"-ue/cion (I?) :ls si:vll. j to c.oocrir.c: 

:4a 3 solation of equation (12) xjhei'e bo-.j.in^ di- 
flcwtiou:- only uero cciis.laeroi. In addition to 
X'LVx-yiwsy 0^ it is now nocess.ar;/ to vr.ry the r^hio 
1/4, As D remains constant foi-* all modes, •■he ratle 
i/D could have been inorodi:c>sd into tlio >cm.\,'''Lter 
circuit inotead of C/D and ,5/G would bc~; c heer, the 
varicblo introduced as a feedback resicto.r ca .1/., 
nccGSBary from 'brial to trial for e^ch n.odpu 

The oscillographs of solutions obto.' Uv'- for ti.c 
LIS':'; four modes are given in Ffgs, 21 threu,;! 2k 
iv elusive « 

It I'.TtS found that the additicn of tbu u/D i'np\..t 
r cci.ciance to f^om gave coniiderable 
to the computer circuit in the range of r-<isi stance 
used. The alternative of iisi^ig a constanc 1/D x'atio 
as re'..ntionod above as an inpui) resistance was not as 
sucetssful in stabilising the circuit ani se» wa3 not 

UiSed > 

The.eretical solutions of the fre-iucuo]: of noitial 
modes of vibration of the APA ^7 have boe.i icbG..Vii.'.ncd 
by a calculator designed by IBM for bend lug nnd shear 
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dcflootion and rotary inertia effects," lo pDarreive 
results arc listed belo'i. 



rrequoncj of Ti'Dration ^oiual J.Io'loc 
f'SHding and Shear Deflection and tetarj fnez’oi 
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The frequencies obtained by pecans of t’.e 
ei.clog computer when the effects of bendivL def lecld or.,'' 
only are considered arc approjrimat.ely five to eight- 
percent -higher than the r-f" wOeluticns. Tl-.e analog 
cc;:;p;'.tor results are cale'ilat-ei directly fr,.-;! the 
oi volllogra;)*ns and have not bran eorrecte' i recoider 
pen lag or "power suppl;;/ xrocpaaricy variation v fhe 
latter is an important facoor. corrrec'uio'i for' which 
shoiili be r.ads for better accuracy of rcsul’ss. Line 
■iTsoxioimj I’-iriation has an affect both o;i measure- 
v 2 ::it of on the recorder tape ani on the balance 
ef ths operational ampllfi ere, necessary for repetition 
of solutions. 

Another source of error in the compute:-: effsetinm 
the accux’acy of the results lies in t-he stc^pirg rc-lays 
ani resistor panels used. Every effort "war nacle to 
have aceivrote resistances an each step for the sinii>- 
?.ation of mass and moment and inertia. Hov.'sver. tlie 



many pJ-Ug-in connections of resistors in stacks on 
the resistor panels introduced inaccuracies in the 
actual resistance obtained for each stcp« Then too, 
it is known that the bridging contacts of the stepping 
relays did not ali^ays perfectly bridge from one step 
to the llGXt« 

It is felt that the results were well ^\.lthi 2 i 
the accuracy of the computer nstwonk itself, and 
that corrections marki to the oscillograph records 
as nentio?’.ed above would improve the p:.'*ocisicr of 
the values of frequencies of vibration obtained,. 

The results obtai.nscl vdicn, i3i additi.on to bending 
ceflection effect, an appro^tlmation to the effects of 
shear deflection and rotary inertia considered., 
are progressively higher,^ (from adoout ten percent for 
the first mode to about oig;hteeii percent for the fourth 
node) than those obtained by the 1211 cor.pntcr« 

It is apparent that these deviations x:hish increase 
the higher modes result from something more 
than the inaccm'acies in the computer net'roi’k. 

The assumptions made to appro::inate tho efiects of 
choar deflection and rotary inorbia in setting up 
the computer equation in a large part, oceount 

for the increasing error ^ These assumptiens were 
necessary to avoid cOimplicating the present computer 
netv/ork to a degree out of proportion to the actual 
effect of shear and rotary inertia on the frequencies 



I 



o.t vifcraticn of the ehip„ 

a computer ccnsti^uctc^d of more p:. ceics 
enc'. ctable components, the nrocluct ten: 

(ould be introducod as a v^i.riable, A netv.vK: could 
Ire set up to solve a computer equation vjlii :,.t includes 
the te::n ^ 2 -r . n2_ 



^t^ KAG t’ 



i'ht: precisian of the values of frequenoiGS •.utained 
from such an analog computer network should ■'.)g 
iefinitoly better than in the present injr:tu,:c3. 

G0iiCi:asi0MS 



Solutions to many engineering problems of 
pi'actical Interest invol.ving higher order dif- 
ferential equations I'jith variable coefficients 
raa'y V'C obtained by means of a relatively cii'ple 
anci inexpensive electronic analog conputer* 

Solutions so obtained are well v/ithin the rccm^acy 
BocGGsary for most enginovorlng purposos.. 

The 3.ecuracy of solutions obtained ai*o 
limited by the precision of the computer com- 
poYients used and regulation of the assaciated 
poirer supplies. The assiujqotions mads in rG-iucing 
an exact differential equation to a coraputcr equation 
are in a large part necessitated by the pi’ccision 



D.’ thr used. Low p?-ocis:L'-r c. c .•. ^ponaros, 

ixr .ir^tniice, vjould HniLt- -•-.Lg vairoiior of -li; llficrs 
s.i.d icobles introdueGd into tbo compiii-or L'Cui.or-k 
Jo.' a £,:VvGia desired. a.ce'i:.racy v Ae the c-. .'..p! :w:ity of 
tl.'3 lictror’; increases, go must the ])rec:.£i<i. ai-.d 
stabAlitj o.f the components InorGasOo 

In5to''.i of introduo;bi2 another varie.b.'.,': of the 
G ng-'.na.l c aiation Into .fio acapnter ^■■rLiy:. ch.c conse- 
'rrnit additional anpii.f;ler3 an<l coaporoiVt circuits j 
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to avera 



effect xvas assuiD.ed to be ioroy an obx’iouslp o¥or 
simplificaiion in light of tne results obtai-c..' by 
tha compui'Ger. 



E:jo:.iodiv of time and ne.Tconnel Is the. uv.'.UcTy 
bc.:.G;.riv of such an analog cc i^ut-er as dCGCiibed in 
bhis papex% Uibh the necsr-sary 6quip:.;ient -cjoilabio 
ari he.Ting familiarity uitt tLc operating p::oeciui'f.r . 
the solution of higher ordo.r differential fcraticns 
v’i th variable coeff iciente would, be a natt&i oV a 
ffr hours for a single cp.-?.rator. 

The analog computer io especially adr.-phible to 
tl.c solution of design proLlaas vrhers the study of the 
offsets of varying design parrmieters oay bo •3o:iiuoted 
■jith little effort by simple exfcor'nal chaugeo to a 
single computer network v 
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CALCULATION o:ii’ iTj:c-a-:>-:ci or yxlt: -.tioI': 

Bending Only 



Constants used: 



T i 9.75 ssc. ?2 = 95o0625 ssc'- 



Ej^ '<1^93x10^ X 2628 = 0,3U 

'/4L^ f 2.006 X 256 X 10^ 



1st i-'cde 



C - 6„0 



.. 95.0625 = 3S.85 

^0 - 



yc T5To 



0), : 

CO( r 12 p A rad/ see. 
2nd Kodo 



Elfj r: 38.85 X 0,314 rad./sec< 



C = 0c90 

- 95.0625 = 95ol 



0):> " 



j' EIq = 95 ol ;c 0.314 rad ./soc. 
= 29.0 red .'/sec.,, 



3rd Fode 



C = Oc25 



o( z 95.0625 s 190.125 

Yc’ ]T6r25 



-j EI^ 190.125 X 0.3U rad. /sec. 
CO 2 , ~ 60,6 rad. /sec,. 
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M /-.oda 
C "■ 0,725 

ji ’ IM = 12 , 470 . 

C 0o725 
a. 

oJ'^^ ^ 12V70 r. 0.0%6 = 123;. 

CO^ - 35;.0 X‘C.ri^/30C^ 
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r. “■ 



T4 ^ 90*.^ 
T 0.41 
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60 ,., 



Sip 22050 :t 0.09!iO ^ 



= 2175 
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lATA FOR •CAJ4CULATION OF nOEML I'lODSS OF VI RTICAL vFIBHAT'ION 
L 400 ft. 



E = X.93 X 10 ^ tons/ ft 
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Figure 2 D» C, Amplifier Chassis 





D.C. Amplifier Set Up as a Multiplier 





Figure 4 D# C# Amplifier Set Up as an Integrator 








stepping Relay and Resistor Panel Unit. 
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STEPPING RELAY CONTROL CIRCUIT 

Figure 7 



'Complete Analog Computer Arrangement, 
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Figure 11 



Oscillograph Solutions 
of Deflection of 
Clamped End Beam. 
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Figure 13 

Oscillograph Solution of Deflection of Hinged Snd Beam. 
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Oscillograph Solutions of First Three Norxnal Modes, 

Uniform Free -free Beam. 
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